January 1975 


Journ. Jap. Bot. Vol. 50 No. 1 


1 


Michio Masuda* & Masataka Ohta** : The life history 
of Rhodophysema georgii Batters 
(Rhodophyta, Cryptonemiales) 

• xmmm** : 

Recent advances in culture techniques of algae have made it possible 
to trace a complete sequence of morphological phases in algal life histories. 
Recent studies of several members of the Cryptonemiales have demonstrated 
the existence of two types of life history in this order which differ from 
each other in that the gametangial and tetrasporangial phases are morpho¬ 
logically similar or dissimilar (Dixon et al., 1972; Umezaki, 1972; Masuda, 
1973b, 1974). It has been suggested that the crustose species for which 
only the tetrasporophyte had been detected might represent the tetrasporo- 
phytic phase of those algae for which only the gametophytes had been re¬ 
ported (Dixon, 1963). This suggestion has proved true in several species 
of the Cryptonemiales and the Gigartinales, in which the macroscopic 
.gametophyte alternates with the small crustose tetrasporophyte (Dixon, 
et al., 1972; South et al., 1972; West, 1972). However, the life history of 
some crustose algae in Cryptonemiales, such as Rhododiscus, Contarinia,. 
and marine species of Hildenbrandia, is still unknown. In these genera, 
only the tetrasporophytic phase is detected in the field. The situation re¬ 
garding the life history of Rhodophysema, a genus of the Cryptonemiales- 
with minute thalli, may be more complex. 

Rhodophysema has been recorded from various localities in the North 
Atlantic, Arctic and North Pacific Oceans by many phycologists. It com¬ 
prises three species : Rhodophysema georgii Batters, R. elegans (Crouan frat. 
ex J. Agardh) Dixon and R. minus Hollenberg et Abbott. The latter two 
species are apparently crustose, whereas the first one includes a globose- 
form, which is characterized by the enlargement of the erect filament cells, 

* Institute of Algological Research, Faculty of Science, Hokkaido University, Muroran. ItHBi 
** Department of Botany, Faculty of Science, Hokkaido University, Sapporo. 


— 1 — 



2 


50 


BBfP 50 ^ 1 B 


1 ^ 


in addition to a crustose form. The tetrasporophytic phase of these species 
has been frequently encountered in the field, but the gametophytic phases 
have not been reported except in R. elegans. In the last mentioned species 
from Greenland, the male gametangial plant has been described (Rosenvinge, 
1910). The female gametangial plants of Rhodophysema have not been 
reported. This paper reports our observations on the life history of 
Rhodophysema georgii from Hokkaido, Japan, carried out in the laboratory 
as well as in the field. 

Materials and Methods The specimens used in this study were collected 
in Oshoro Bay and at Rausu in the Shiretoko Peninsula, Hokkaido, from 
1973 to 1974. The material for culture experiments was collected in Oshoro 
Bay on April 21, 1974, and cultured in the laboratory at the Institute of 
Algological Research, Muroran, according to the same methods as used for 
Neodilsea crispata (Masuda, 1973a). Unialgal cultures established from iso¬ 
lated tetraspores were maintained in freezer-incubators at 10 C and 14 C, 
both in 14-hr photoperiods. Voucher specimens and slides are preserved 
in the above-mentioned institute and also in the Herbarium of Faculty of 
Science, Hokkaido University, Sapporo (SAP). 

Results Observation on the plants collected in the field : Plants collected 
agree well with the description and illustration given by Tokida (1934). 
The plants grow epiphytically on other red algae such as Gymnogongrus 
flabelliformis, Chondrus yendoi, C. pinnulatus, Rhodoglossum japonicum and 
Laurencia nipponica (Fig. 1, A). The tetrasporangial plants of Rhodophysema 
georgii were found abundantly on the hosts from April to June in Oshoro 
Bay where monthly collections had been undertaken from April to Sep¬ 
tember, 1973, by one of us, Ohta. The tetrasporangia are borne on the 
terminal ends of the erect filaments and are surrounded by paraphyses 
(Fig. 1, D). The spores immediately after liberation are globular and light 
red in color, measuring 18.8-25.0,um in diameter (Fig. 2, A-B). The sper- 
matangial plants were also found growing on the same host species. They 
are similar to the tetrasporangial plants in vegetative structure. The 
spermatangia are borne on spermatangial mother-cells formed from an 
outermost cell of the thallus, and they are not accompanied by paraphyses 
(Fig. 1, C) as in Rhodophysema elegans (Rosenvinge, 1910). The spermatangial 
mother-cells are pale yellow in color and easily distinguishable from the 
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Fig. 1. Rhodophysema georgii collected in the field. A. Habit of a fertile plant growing on 
Gyntnogongrus flabelliformis. B. Longitudinal section of a plant bearing both spermatangia 
(s) and tetrasporangia (t). C. Longitudinal section of a mature spermatangial sorus. D. 
Longitudinal section of a mature tetrasporangial sorus, showing a tetrasporangium and 
paraphyses (p). (Photographed from living material). Use scale in A for A; scale in B 
for B; scale in C for C-D. 




Table 1. Relative abundance of the three kinds of fertile plants and of the sterile plants in 
Rhodophysema georgii from Oshoro Bay, examined from April to June, 1973. 
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sterile cells. Liberated spermatia are of a globular 
shape and measure 5.5-7.5/Lm in diameter (Fig. 2, 

B) . The spermatia are colorless and their chloro- 
plasts are not obvious under the light microscope. 
The colorless aspect and small size by comparison 
with tetraspores are similar to the situation in 
other Florideophycidean algae. Germination of 
spermatia was attempted but was unsuccessful, 
so they cannot be interpreted as monospores. 
Sometimes both the spermatangia and tetraspo- 
rangia are found on the same plant, forming their 
respective sori (Fig. 1, B). No differences were 
observed in these sori by comparison with those 
of pure spermatangial or pure tetrasporangial 
plants. Table 1 shows the relative abundance of 
the three kinds of fertile plants and of the sterile 
plants in our specimens from Oshoro Bay from 
April to June, 1973 (Apparently young small plants 
were eliminated from this examination). It is 
known from the Table that the percentage of 
plants bearing both spermatangia and tetraspo- 
rangia is fairly high. The three kinds of fertile 
plants were also met with among the specimens 
from Shiretoko. Female gametangial plants, how¬ 
ever, have not been detected among a considerable 
number of collections examined. 

Culture experiments : Tetraspores liberated 
from a pure tetrasporophyte were used for culture 
experiments. The mode of tetraspore germination 
was of the immediate discal type as shown in 
Fig. 2, C-G. The tetraspore divided into two 
cells by a plane running at right angles to the 
glass surface to which the spore had stuck with 
mucilage within one day after liberation (Fig. 2, 

C) . Successive cell divisions resulted in the 
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formation of a monostromatic disc (Fig. 2, D-E). The disc grew con¬ 
centrically by the marginal meristem which was paler in color than the 
central portion (Fig. 2, F-G). Concurrently with this marginal growth, 
the cells at the central portion of the disc divided by a plane parallel to 
the substratum and this portion became distromatic. Some of the cultured 
discs became furnished with unicellular colorless hairs issued from the 
surface cells (Fig. 2, G). Further cell divisions parallel to the substratum 
took place at the central portion which became several cell layers thick. 
Divisions then took place also in cells of the periphery. This produced 


Fig. 2. Rhodophysema georgii. A. Tetraspore just after liberation from a plant collected in 
the field. B. Tetraspore and spermatia (arrow) from a plant collected in the field. C-J. 
Tetraspore germlings grown at 14 C (D, G, <& H) and 10 C (C, E-F, & I—J), both in 14-hr 
photoperiods: C-D, one-day old; E, three-day old; F-G, five-day old, with a colorless hair 
(arrow): H-J, one-month old (H, side view; I & J, surface view). (Photographed from 
living material). Use scale in G for A-G; scale in I for I; scale in J for H & J. 
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discs identical with young plants found in the field in being polystromatic 
except at the margin. The discoid plants became larger and the following 
three types of thalli were produced after one month: (1) the pulvinate 

disc (Fig. 2, J), (2) the globose thallus (Fig. 2, H), and (3) the thallus of 
a form intermediate between the former two types (Fig. 2, I). About this 
time several plants grown at IOC and 14C liberated spermatia which were 
formed in the same way as in plants collected in the field (Fig. 3, A-B). 
No germination of the spermatia was observed. Two months after the 
start of the culture, the plants, which had either liberated spermatia or 
not, produced a considerable number of tetrasporangia at 10 C and 14 C (Fig. 
3, C). The tetrasporangia were borne on the terminal cell of the erect 
filaments and provided with paraphyses as in plants collected in the field 
(Fig. 3, D). The tetraspores were liberated from the plants grown at 10C 



Fig. 3. Rhodophysema georgii cultured from tetraspores and grown at 10 C in a 14-hr photo¬ 
period. A. Portion of a mature spermatangial plant (one-month old) in surface view. 


s showing a spermatium (arrow). B. Longitudinal section of the plant shown in A. C. 
Mature tetrasporangial plant (two-month old) in surface view. D. Cross section of the 
plant shown in C, showing a young tetrasporangium (t) and paraphyses (p). E. Tetra- 
spore liberated from a cultured plant. F. Young tetraspore germling derived from a 
cultured plant, showing colorless hairs (arrows). (Photographed from living material). 
Use scale in C for C; scale in F for A-B, & D-F. 
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and germinated in the same way as those of the initial plant (Fig. 3, E- 
F). However, when cultured at 14 C, the tetraspore liberation was not 
observed and the tetrasporangia degenerated. The female gametangial 
plants were not detected at all in the present cultures, although the cultured 
plants all attained reproductive maturity. When 55 fertile individuals of 
two-month old cultured plants were examined, the number of plants bearing 
tetrasporangia, spermatangia, and both tetrasporangia and spermatangia, 
were in 3:1.5:1 ratio. 

Discussion The majority of the Florideophycidae may possess a tri¬ 
phasic life history consisting of a sequence of gametophytic, carposporo- 
phytic and tetrasporophytic phases in which the first phase is haploid and 
the second and third phases are diploid. Several deviations from this 
pattern have been demonstrated with direct evidence as to the sequence of 
cytological or morphological phases in the life histories (Dixon, 1970). 
They are too extensive and complex to be considered, here. West and 
Norris (1966) cultured eleven species of the Florideophycidae obtained from 
Washington and California, and observed several variations of life histories 
among them. They reported that the tetraspore germlings in an unidenti¬ 
fied species of Callithamnion developed solely into male gametophytes and 
tetrasporophytes in a ratio slightly greater than 1:3, and that no female 
gametophyte was found, and that the tetraspores of subsequent generations 
exhibited the same phenomenon. 

The life history of Rhodophysema georgii described above is similar to 
that of the just-mentioned Callithamnion sp. The full-grown plants of R. 
georgii collected in the field bore spermatangia alone, or tetrasporangia 
alone, or spermatangia and tetrasporangia jointly, without exception. The 
possibility that this alga could possess a female gametophyte differing 
morphologically from the tetrasporophyte and male gametophyte seems to 
be precluded by the results of the present culture experiments. It is 
certain that this alga is devoid of a female gametophyte and the spermatia 
are functionally useless. Thus, this alga has a life history with only the 
tetrasporophyte and male gametophyte which are morphologically identical. 

The occurrence of both tetrasporangia and gametangia on the same 
individual has been reported in a number of Florideophycidean algae in 
culture as well as in the field (Knaggs, 1969). This phenomenon has been 
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recorded rather infrequently in the members of the Cryptonemiales, but 
more commonly in those of the Ceramiales. Here we add a new example 
to Knaggs’s list (1969). Relatively frequent occurrence of the plants bearing 
both tetrasporangia and spermatangia in Rhodophysema georgii suggests that 
this phenomenon is not to be interpreted as merely abnormal. No reliable 
cytological data have been obtained yet to know whether the nuclear division 
in the tetrasporangium of this alga is meiotic or apomeiotic. Any factors 
responsible for the absence of its female gametophyte are still unknown. 

The present investigation revealed that the Japanese Rhodophysema 
georgii is an independent taxon, not representing a phase in the life history 
of another alga. However, the taxonomic position of the genus Rhodophysema 
is uncertain because of the absence of the female gametophyte. Although 
it had customarily been placed in the family Squamariaceae (Kylin, 1956), 
Denizot (1968) excluded it from the Squamariaceae, replacing this family 
name by the Peyssoneliaceae, and treated it as one of the entities of un¬ 
certain position together with Coriophyllum, Erythrodermis, Ethelia, Rhodo- 
discus, etc. Rhodophysema differs from Peyssonelia in the absence of 
rhizoidal filaments and in the pattern of spermatangial formation, but they 
are allied to each other in the mode of thallus development and in the 
nature of tetrasporangia and paraphyses (Kylin, 1956). Rhodophysema is 
considered to be a member of the Cryptonemiales, and at least a genus 
holding a close relation to the Peyssoneliaceae. 

The alga investigated in this study was first described R ho do dermis 
georgii (Batters) Collins var. fucicola Tokida on the basis of material 
collected in Oshoro Bay, Hokkaido, by Tokida (1934). Dixon (1964) retained 
that variety name on account of the absence of his personal data when he 
revived the genus name Rhodophysema for Rhododermis, citing it incorrectly 
as a variety of Rhodophysema elegans. Later, Denizot (1968) did not 
recognize the Tokida’s variety as a distinct taxon but merged it into 
Rhodophysema georgii Batters. However, the Japanese plant does not fully 
agree with the typical R. georgii in several respects (Tokida, 1934, 1954). 
The taxonomic details of this alga will be reported together with other 
taxa of Rhodophysema in the near future by one of us, Masuda. 
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